The purpose of this research was to examine the effects of teachers' characteristics, school characteristics, and contextual characteristics on classroom technology integration and teacher use of technology as mediators of student use of technology. A research-based path model was designed and tested based on data gathered from 732 teachers from 17 school districts and 107 different schools in the state of Florida. Results show that a teacher's level of education and experience teaching with technology positively and significantly influence his/her use of technology. Teacher use of technology strongly and positively explains classroom technology integration and student use of technology. Further, how a teacher integrates technology into the classroom explains how frequently students use technology in a school setting. The findings provided significant evidence that the path model is useful in explaining factors affecting student use of technology and the relationships among the factors.
INTRODUCTION
Public schools have been charged with providing students with the knowledge and skills that they need to be productive global citizens in a digital society. The U.S. Department of Education (USDOE) 2010 Blueprint for Reform identified technology as a component of a complete education and emphasized the need to invest in "evidence-based instructional models and supports" (USDOE, 2010, p. 4) . Over the past decade, substantial resources have gone toward equipping K-12 schools with the technology necessary to ensure success for all students in the information age. For instance, the ratio of students to computers decreased from 12:1 in 1999 to 4.4:1 in 2003 in the United States (Parsad & Jones, 2005) , and internationally, the Organisation for Economic Co-operation and Development (OECD) (2005) reported that more than 80% of students in 27 out of 31 countries had computer access at school.
Studies show teachers and students use these resources in many ways. In some cases, the technology perpetuates teacher-directed instructional practices such as technology-enhanced lectures, online worksheets, automated test taking, and drill and practice (Cuban, Kirkpatrick, & Peck, 2001; Dawson & Heinecke, 2004; Schofield & Davidson, 2002) . In other cases, it is used to transform classroom practices by placing technology in the hands of students to support learning (Jenkins, 2009; Jonassen, 2006) . The benefits of student technology use are well-recognized, yet research identifying factors contributing to this use is limited.
Putting technology in the hands of students has many benefits. It supports their ability to communicate, create, and collaborate with technology (Jenkins, 2009; Shirky, 2008) , to develop higher order thinking skills and to engage with course content. Student use of technology can impact achievement in many content areas, including mathematics (Lederman & Niess, 2000) , social studies (Mason, Berson, Diem, Hicks, Lee, & Dralle, 2000) , English (Borsheim, Merritt, & Reed, 2008) , writing, and science (Kim, Hannafin, & Bryan, 2007) . This study seeks to identify factors that may increase the likelihood for student use of technology in K-12 classrooms.
LITERATURE REVIEW
Several researchers agree that path modeling is an appropriate method to account for the many complexities related to technology use and integration in K-12 education, and accordingly, researchers have built models to characterize the use and integration of technology in these environments (see Table 1 ) (Inan & Lowther, 2010; Mathews & Guarino, 2000; Robinson, 2003; Van Braak, Tondeur, & Valcke, 2004) . However, as noted by Inan and Lowther (2010) , only a handful of studies have used the methodology to account for technology integration and use in K-12 schools. Other statistical methods have also been used, such as multi-level modeling (Tondeur, Valcke, & Van Braak, 2008) to examine this complex domain. This article begins with a review of literature that focuses on those studies using a path analysis approach. Mathews and Guarino (2000) implemented a path model to explain computer use employing a teacher's background and a host of other related demographic characteristics. They collected data from approximately 3,000 teachers from Idaho. Their findings suggest that gender, years of experience, number of computers, and computer proficiency had a direct effect on computer usage. They also suggested that years of teaching experience had an indirect effect on teachers' computer use in that the more experienced teachers tended to use computers less frequently than their younger counterparts. Robinson (2003) created a path model to examine the relationships between teacher demographic characteristics, computer proficiency, external support variables, and teachers' attitudes toward using computers. The sample included 116 teachers from Michigan charter schools. Unlike the previous model, Robinson (2003) also included school-level variables. The findings show teachers' use of computers for enhancement activities and teachers' computer proficiency were significant factors within the model. Van Braak, Tondeur, and Valcke (2004) examined demographic, computer experience, and attitudinal measures toward technology as predictors for the supportive use of computers in K-12 settings. Their sample included 468 primary school teachers. Their findings suggest that supportive use of computers, uses by teachers for administration and preparation tasks, was mainly predicted by computer experience variables and general computer attitudes. They also suggest that the results indicate the limitations of explaining complex forms of professional computer use on the basis of both individual determinants and quantitative models.
Inan and Lowther (2010) examined a host of demographic characteristics, computer availability, computer proficiency, teacher beliefs, teacher readiness, support, and its influence on technology integration in the classroom. Their data included 1,382 public school teachers from Tennessee. Their findings show that age negatively influences computer proficiency, and that teacher beliefs, teacher readiness, and computer proficiency positively influence technology integration (Inan & Lowther, 2010) . They conclude that the results provided Inan and Lowther (2010) broadly defined technology integration as any use of technology that supports classroom instruction including technology for instructional preparation, instructional delivery, or as a learning tool. This means technology integration might have involved teachers using technology to prepare lessons or deliver classroom instruction or the students using technology as a learning tool. The present study is unique in that it proposes a path analysis model for student use of technology. The following section outlines the path analysis approach.
PATH ANALYSIS APPROACH
Path analysis is a sophisticated statistical modeling tool used to study the direct and indirect effects of variables hypothesized as causes of other related variables in a model (Kline, 1998; Pedhazur, 1997) . Path analysis itself is not intended to uncover causes in statistical models, but rather to provide evidence of the tenability of causal models that are informed by prior research and theory. It is an extension of multiple-regression used to build explanatory models, particularly in the social sciences.
Path analysis begins by constructing a path diagram to illustrate the relationships among a set of variables using directed arrows to denote hypothesized paths (see Figure 1) . The variables in a path diagram represent two types: exogenous and endogenous. Exogenous variables are those with no explicit causes that may be influenced by other variables not included in the model, which are illustrated as variables in the model without arrows pointing to them. In contrast, endogenous variables include mediating (also referred to as intervening) variables and dependent variables. Mediating endogenous variables have both incoming and outgoing directed arrows in the path diagram, while dependent variables only have incoming arrows (Pedhazur, 1997; Schumacker & Lomax, 2004) . Once a hypothesized path model has been constructed, it can be used to calculate path coefficients (Pedhazur, 1997) .
Path coefficients can be used to estimate the strength and direction of effects among variables in a model in three forms: direct, indirect, and total (Schreiber, Nora, Stage, Barlow, & King, 2006) . A direct effect is the standardized regression coefficient (b) from a multiple-regression model and represents the relationship between two variables with no mediating variables (represented as a directed arrow from one to another in a path model). A direct effect is intended to quantify an effect that is not mediated by other variables in the model or, more accurately, the sensitivity of the dependent measure to changes in independent measures while all other factors in the analysis are held constant. An indirect effect is the effect of a variable (exogenous or endogenous) on a dependent variable through one or more mediating (endogenous) variables in the model ( Schreiber et al., 2006) . Mathematically, indirect effects are the summation of the products of direct effects through mediating variables (based on directed arrows) in the model. Finally, total effects are the addition of the direct and indirect effects and represent the relative importance of the variables in the model influencing the primary dependent measure.
HYPOTHESIZED PATH MODEL
The hypothesized path model for student use of technology is shown in Figure 1 . In the proposed model, there are teacher related variables, school related variables, and contextual variables, all hypothesized to directly influence teacher frequency of use of technology and classroom technology integration; and indirectly influence student frequency of use of technology. Table 2 exhibits the variables included within the path model.
As shown in Figure 1 , the model consists of three blocks of variables. The first block contains the exogenous variables, analogous to the model by Inan and Lowther (2010) . The variables within block one are classified as teacher, school, or contextual characteristics, which are more thoroughly described below. The second block contains the endogenous variables (teacher use of technology and classroom technology integration) that are mediating variables of student use of technology found within the third block.
Teacher characteristics might influence their use of technology as well as their students' use. Factors examined in other studies include a teacher's level of education (Robinson, 2003) , overall teaching experience, and experience teaching with technology (Smerdon, Cronen, Lanahan, Anderson, Iannotti, & Angeles, 2000) . A teacher might acquire the skills and knowledge to effectively integrate technology from their formal educational experience. Or, a teacher might have gained technology integration experience "along the way" from their peers, practice, and informal experiences. Regardless of the source, teacher level characteristics are important to include in any model of classroom technology integration or student use of technology.
Schools, districts, and other educational jurisdictions provide many important resources that potentially influence technology use in the classroom. Professional development (Boardman & Woodruff, 2004; Garet, Porter, Desimone, Birman, & Suk-Yoon, 2001; King, 2002; Schrum, Burbank, Engle, Chambers, & Glassett, 2005) , technology support (Cuban et al., 2001) , and access to technology (Davis, Fuller, Jackson, Pittman, & Sweet, 2007) are school factors addressed in the technology integration literature. Regardless of the sophistication of the technology, it will not be used unless teachers have the skills, knowledge, and attitudes necessary to infuse it into the curriculum (Baylor & Ritchie, 2002) . Thus, professional development and support are key ingredients to technology integration. Additionally, teachers and students need access to the technology during school hours. 
Classroom technology integration
Self-reported highest degree earned.
Self-reported years of K-12 teaching experience.
Self-reported years of K-12 teaching experience using technology in the classroom.
Teachers' perception of level of technology support available from within their school (see Appendix D).
Teachers' perception of their technologyrelated professional development opportunities within their schools and districts (see Appendix E).
The number of desktop and laptop computers available in the classroom for student use.
The grade level in which the teacher is teaching (averaged if multi-grades).
The average number of students a teacher has in his/her classes.
The frequency with which teachers are using a variety of software packages (see Appendix A).
The frequency with which students are using a variety of software packages according to teachers (see Appendix B).
Teachers' report of the frequency with which they use technology to support a variety of instructional methods (see Appendix C).
Context can moderate outcomes in several ways. Contextual factors such as grade level (Barron, Kemker, Harmes, & Kalaydjian, 2003) and class size (Frank, Zhao, & Borman, 2004 ) have been investigated in previous studies. A teacher of a class with many students may find it challenging to integrate technology in which access to resources by individual students diminishes as the number of students increases in the classroom. Further, the grade level of students might moderate results because grades use technology with varying frequency and purpose.
Unique to our hypothesized path model is that student use of technology is explicitly explained by a teacher's use of technology and classroom technology integration. All of the other variables are exogenous variables in the model. This is not to say that teacher, school, and contextual factors do not influence student use of technology. Rather, we believe that these variables are indirectly influencing student use of technology based on how teachers appropriately model the use of technology and how teachers choose to integrate technology within the curriculum.
Teacher and student use of technology are multifaceted constructs involving several different types of technology, including production software like word processors or spreadsheets or presentation software, web publishing software, drill and practice software, simulations and games, and web browsers to name a few (Barron et al., 2003; Hogarty, Lang, & Kromrey, 2003) . Classroom technology integration is also a complex construct that ranges in different instructional configurations. For instance, technology could be implemented in small group instruction, individual instruction, as a reward, as a research tool, as a communication tool, or even as a presentation tool (Barron et al., 2003; Hogarty et al., 2003) .
The purpose of this research was to use path analysis to examine student use of technology. More specifically, this research examined the effects of teachers' characteristics, school characteristics, and contextual characteristics on classroom technology integration and teacher use of technology as mediators of student use of technology.
Research Questions
Using the path model as a conceptual framework, we examined the following research questions: 
METHOD Data Collection Instrument and Measures
The instrument employed in this research, titled the Teacher Technology Survey (TTS), was previously used to characterize the nature of technology use in the classroom (Harmes, Kemker, Kalaydjian, & Barron, 2000; Hogarty & Kromrey, 2000) . The TTS attempts to measure teacher perceptions toward school professional development, perceptions of technology support within a school, the frequency of teacher and student use of technology, and the integration of technology into the classroom. The TTS also included other relevant criteria, such as a teacher's content area, pedagogy, and experience. In a previous validation study of this instrument, exploratory factor analyses results demonstrated psychometrically sound factors and measures of internal consistency reliability exceeding .70 for each domain (Harmes et al., 2000; Hogarty & Kromrey, 2000) .
Slight revisions were made to the items in the TTS to accommodate changes in information and communication technology and pedagogical practices. However, all changes were very minor in nature. For example, PageMill © is no longer a popular web publishing utility and was replaced with Dreamweaver © , a tool that has gained more attention from the educational community. Additional items were added to the instrument to collect more specific information, such as teacher certification areas. The final instrument included 27 unique items and was published in an online format using the Web Surveyor software utility. The item formats included dichotomous response items (eg., Math 6-12 Certified Yes/No), standard Likert scale items ranging from strongly agree (5) to strongly disagree (1), and a 5-point frequency of use scale from 1 to 5 (not at all; once a month or less; once a week; several times a week; and everyday). The release of the online instrument controlled for outliers in numeric responses. For instance, a teacher could not report more than 75 years of teaching experience. Approximately 26% of the respondents were teaching at the elementary school level, 36% at the middle school level, and 38% at the high school level. The majority of the teachers were certified through approved degree programs (37%) and college course certification (30%). The remaining teachers were certified by district alternative certification, or transfers from another state. Fifty-eight percent of the teachers held bachelor's degrees, 35% had earned master's degrees, and the remaining teachers held an educational specialist or doctorate. Teachers reported a median of 22 students per course, and a median of 11 Internet connected laptop or desktop computers available for student use in their classrooms. The higher than average ratio of students to Internet connected computers can be explained by the EETT program focusing on laptop computer integration. Table 3 illustrates the descriptive statistics for the sample, including the mean, standard deviation, skewness, and kurtosis for each measure.
Participants

Procedures and Data Analysis
In each school year, the web address of the survey was provided to each district's project coordinator who sent it to each teacher via e-mail. Data were purposefully collected at the start of each school year to capture teacher attitudes at the outset of their participation in the EETT program. Teachers' names and schools were not requested in the survey. Follow-up requests for survey completion were sent via the district coordinators on a minimum of three different occasions over a 3-month period in both of the school years. The overall response rate for the survey was high for both years: 82% in 2006-07 and 87% in 2007-08. The high response rates can be attributed to the research team working with school district data collection liaisons to encourage teachers to complete the survey.
The data were first analyzed in each school year for duplicates based on e-mail addresses reported by participating teachers. Any duplicates were subsequently removed from the datasets (fewer than 25 in both years). Next, the datasets for each year were merged into one dataset for analysis. Then, the data were analyzed descriptively and for internal consistency reliability. The data were then analyzed to evaluate whether the data violated any of the assumptions of path analysis. Since path analysis is an extension of a multiple-regression model, the data were evaluated on normality, linearity (multicollinearity), measurement error, and homoscedasticity (Osborne & Waters, 2002) .
To evaluate normality, the data were analyzed by visual inspection for outliers, skewness, and kurtosis (see Table 3 ). A few outliers (more than three SDs away from the mean in either direction) were observed in the access to technology and average number of students per class variables. Thus, the data filtered these outliers, resulting in a total of 702 valid responses. The resulting data exhibited reasonable normality with skewness in the range of -1.18 to 1.84 and kurtosis in the range of -.21 to 3.72. To assess the linearity and multicollinearity of these data, a correlation matrix was constructed with all independent and dependent variables. The correlation matrix did not exhibit any questionable relationships. The correlations among the variables ranged from r = -.178 to r = .628. The correlation matrix can be seen in Table 4 .
In terms of measurement error, the internal consistency reliability for the TTS meets and exceeds the social science standard of values greater than or equal to .70 (Nunnaly, 1978) . The internal consistency reliability for the entire TTS scale is a = .95. The internal consistencies, as measured by Cronbach's alpha, for the school technology support, school technology professional development, teacher frequency of use of technology, student frequency of use of technology, and classroom technology integration measure are .87, .94, .90, .94, and .87, respectively. Thus, measurement error did not pose a serious threat to the path model. Finally, homoscedasticity was evaluated by visually inspecting the residuals and the measures were determined to have limited heteroscedasticity present. Thus, these data seemed tenable for path analysis. All data were analyzed using SPSS version 18 and Mplus using an a = .05 level of significance.
RESULTS
Teacher use of technology, classroom technology integration, and student use of technology integration are endogenous variables in the model (see Table 5 and Figure 2 ). Level of education, teaching experience, teaching experience with technology, school technology support, school professional development, access to technology, grade level, and average students per class are all classified as exogenous variables. The magnitude, direction, and significance of direct and indirect effects were calculated for each exogenous variable (see Table 5 ). The standardized regression coefficient (Beta) and coefficient of determination (R 2 ) are shown in Table 2 as well. The Chi-Square test of model fit is c 2 (8) = 47.81, p < .01, the Comparative Fit Index (CFI) is .94, Tucker-Lewis Index (TLI) is .8, 
Teacher Use of Technology
The eight exogenous variables explain approximately 17% of the variability in the teachers' use of technology. Most notably, teacher use of technology is negatively influenced (Beta = -.28) by the years of teaching experience, yet positively influenced by the teachers' education level (Beta = .18), the number of years teaching experience with technology (Beta = .25), the level of school professional development (Beta = .23), and access to technology in classrooms 242 / RITZHAUPT, DAWSON AND CAVANAUGH (Beta = .14). Teacher use of technology was not influenced by the level of school technology support, grade level, or the average number of students per class.
Classroom Technology Integration
The eight exogenous variables and one endogenous variable (teacher use of technology) explain approximately 48% of the variability in classroom technology integration-a notable increase from the Lowther and Inan model. The number of years teaching experience with technology (Beta = .12), school level professional development (Beta = .12), and a teacher's frequency of use of technology (Beta = .54) all have direct, significant effects on classroom technology integration. A teacher's use of technology has the strongest positive direct effect in the model. In contrast, both the class's grade level (Beta = -.13) and the average number of students per class (Beta = -.09) have direct negative and significant effects on classroom technology integration.
Student Use of Technology
The combined 10 variables hypothesized to elucidate student use of technology explain approximately 51% of the variability in the proposed model. According to the model, all variables, with the exception of the level of school technology support, directly or indirectly significantly influence student use of technology. The positive direct effects include a teacher's level of education (Beta = .08), grade level (Beta = .19), teacher frequency of use of technology (Beta = .46), and classroom technology integration (Beta = .24). Teacher use of technology has the highest magnitude of effect on student use of technology.
With respect to the total effects, teacher frequency of use of technology and classroom technology integration had strong positive effects on student use of technology (see Table 6 ). Meanwhile, the number of years teaching experience of a teacher had the third strongest negative effect in the model while the number of years teaching experience with technology had the fourth strongest total effect. School level professional development, access to technology in classrooms, and a teacher's level of education had positive total effects. Finally, grade level and the average number of students per class had negative total effects as shown in Figure 2. 
DISCUSSION
Interpretation of the results must be viewed within the limitations and delimitations of this study. This study was conducted as part of a state-wide technology research project during a 2-year period. Because of the dynamic nature of information and communication technology, the design of the survey was slightly revised (see Method section) to collect relevant information needed for decisionmaking. Clarification of the items and movement of the items within the survey may have impacted the responses. Further, the degree of accuracy of these measures may be questionable since the items are self-reported measures. Also, we used path analysis in our paper to examine nested data (teachers nested within schools, nested within school districts). This practice of using regression models with nested data sometimes results in overestimates or underestimates of the impact of organizational variables within the regression equation (Raudenbush & Bryk, 2002) . Another limitation of our model is that student use of technology is reported by teachers as opposed to students. Student use of technology, as operationalized in this research, would only include those tasks carried out on a computer (including laptops). We did not formally investigate any mobile technologies. Finally, though not all of these findings may be causal in nature, they do illustrate some noteworthy relationships beckoning future research.
In light of these limitations, this research resulted in several important findings. A teacher's level of education and experience teaching with technology positively and significantly relates to his/her use of technology. The number of years teaching experience without using technology negatively relates a teacher's and students' use of technology. This finding is consistent with the work of Mathews and Guarino (2000) and Inan and Lowther (2010) and re-iterates the importance of preparing effective technology-using teachers during teacher preparation programs (Dawson, 2006; Dexter & Riedel, 2003; Jacobson & Lock, 2004; NCATE, 2008) . It also supports the importance of providing technology integration guidance to new teachers during the induction years (Strudler, McKinney, Jones, & Quinn, 1999) . Additionally, a school's level of technology professional development and access to technology in classrooms positively and significantly relates to a teacher's use of technology. This finding highlights the importance of providing ongoing technology-related professional development opportunities for in-service teachers with clear and documented outcomes (Lawless & Pellegrino, 2007) . Technology professional development should be tailored to address both internal and external teacher concerns (Ertmer, 1999) . Results also emphasize the need for access to appropriate technology resources within a classroom setting. Both access to technology and professional development have been identified as key antecedents to successful technology integration (Baylor & Ritchie, 2002; Hew & Brush, 2006) . The contextual variables of grade level and the average number of students per classroom negatively and significantly relate to the extent to which technology is integrated into a classroom. This finding is particularly interesting in that it provides evidence that more students negatively relate to the level of technology integration in a classroom setting. Further, the finding also provides evidence that technology is used more frequently in elementary and middle grade classrooms than in high school classes. Several factors may contribute to this finding. First, elementary schools are often structured so that teachers see the same students for longer periods of time each day. Time has always been a barrier to technology integration (Hadley & Sheingold, 1993; Hew & Brush, 2006) and the fact that elementary teachers have more time with the same students each day may contribute to them using technology more than their high school counterparts. Second, elementary and middle school teachers often work within grade level teams allowing for peer support. Peer support is an important predictor of exemplary technology use (Becker, 1994) and many choose to adopt innovations, including new teaching practices, after watching and talking to peers (Rogers, 2003) . Similarly, the team-oriented approach provides opportunities for professional learning communities. When used appropriately, such communities can support changes in teaching practices including the use of technology (Seels, Campbell, & Talsma, 2003) . Finally, high school teachers are often divided by content area and subject culture, influenced by long-standing practices reinforced by generations of educators within a particular discipline-factors that may thwart newer practices including those involving technology (Hew & Brush, 2006) . Subject culture is less prominent in elementary and middle grades because the team-oriented approach usually involves members from different content area specializations.
A surprising finding in our research is that technology support does not appear to be a significant variable in influencing teacher use of technology or classroom technology integration. This is in stark contrast to the model presented by Inan and Lowther (2010) , in which technical support (similar variable) was deemed the second most important variable within their model. We believe this finding may be attributable to how the variable was measured using the TTS. The survey items (see Appendix D) focused specifically on evaluating the skills provided by the technology support specialist at the school rather than evaluating the overall support provided by a school and school district. It may be that technology support should focus on all the levels of support provided by a school and district rather than just focusing on one person.
Teacher use of technology strongly and positively explains classroom technology integration and student use of technology. Further, how a teacher integrates technology into the classroom explains how frequently students use technology in a school setting. These findings provide direct evidence that both how technology is integrated into instruction and how frequently a teacher uses technology are significant and positive predictors of a student's use of technology in a school setting. We believe these findings reinforce the importance of teachers appropriately modeling the use of technology in their classrooms (Baylor & Ritchie, 2002) and provide the important evidence that a teacher can directly influence their students' use of technology through their own professional practice. Future research should seek to confirm this finding using diverse datasets.
CONCLUSIONS
Our results provide compelling evidence that the proposed path model is useful in explaining student use of technology in a K-12 setting. Several related variables had an influence on the results, including a teacher's use of technology, how the technology is integrated into the curriculum, a teacher's experience with technology, access to technology, professional development experiences afforded by a school and school district, grade level, and the level of education of the teacher. Put simply, a student's use of technology in a K-12 setting is influenced by several teacher, school, and contextual characteristics that should be closely examined in future research.
Further, classroom technology integration is not a fixed target that can be reached uniformly and considered accomplished. Rather, with current growing emphasis in K-12 education on flexible, student-centered, competency-based pathways through education via online and blended teaching, it is likely that school technology integration will be an ever faster-moving target in years to come. Classroom technology integration is a necessary step in the adoption of the many innovations yet to impact K-12 education, and this study shows that educational organizations must facilitate progress through a strong focus on scaffolding teacher technology skill, support, and use with students. 
